BattejTv sepa rator provided with a plurality 
of studs and vertical ribs 



FIELD OF THE INVENTION 

This invention relates to separators for electric lead acid 
storage batteries . 

BACKGROUND OF THE INVENTION 

Lead acid storage batteries typically comprise a plurality of 
positive and negative electrode plates separated from another 
by thin microporous sheets. These separators serve to separate, 
il i.e. to electrically isolate the electrode plates. They are 

1=^ usually provided with a plurality of ribs to prevent a direct 

^1 contact of the separator sheet in particular with the positive 

electrode plates. While in use oxygen is generated at the posi- 
tive plates during charging which oxidizes the separator 
material thus causing deterioration of the separator with sub- 
sequent short-circuiting between the positive and negative 
plates . 
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However, such ribs increase the electric resistance and acid 
displacement of the separator thereby reducing the discharge 
capacity of the battery. Also, rit© require the use of addi- 
tional material and therefore increase the production costs of 
the separator. Moreover, ribs may contribute to problems such 
as misalignments during pocketing of the electrode plates 
which, in turn, can result in puncture of the separator sheet 
by sharp edges of the electrodes thus causing a significant 
reduction in the useful life of the battery. 

In order to reduce the electrical resistance, acid displacement 
and raw material costs US 5,558,952 suggests separators having 
a plurality of broken discontinuous ribs in the center of the 
separator sheet. It was found that profiles with interrupted 
vertical ribs tend to generate problems in the production of 
separator pockets in that a so-called "cushion effect" is ob- 
served. In addition, broken ribs with short elevated parts 
cannot prevent a direct contact of the edges of the electrode 
plates with the separator sheet. 

Furthermore, dimpled separator profiles have been suggested to 
reduce electrical resistance and acid displacement. In these 
profiles the separator is provided with a pattern of dimples 
evenly distributed over the separator sheet. These profiles 
have never gained commercial interest. 

SUMMARY OF THE INVENTION 

The present invention relates to a battery separator for a lead 
acid storage battery comprising a porous sheet provided with a 
plurality of studs and at least one elongated vertical rib on 
at least one side of the sheet. The at least one elongated 
vertical rib is arranged in the center area of the sheet and, 
if the separator comprises studs on one side only, is present 
on the same side as the studs, i.e. the separator comprises at 
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least one elongated vertical rib in the center area of at least 
one side of the sheet provided with a plurality of studs. 

It is the object of the invention to provide a battery separ- 
ator for a lead acid storage battery which has a reduced elec- 
trical resistance^ a reduced acid displacement, and a reduced 
raw material requirement without showing the disadvantages of 
known separators . 

It is a further object of the invention to provide a separator 
that reliably maintains electrode distance during use, ensures 
a high cycle life of the battery and avoids assembly problems 
during the pocketing of the electrodes and battery product ion - 

BRIEF DESCRIPTIONS OF THE DRAWING 

Figure 1 is a isometric view of a separator according to the 
present invention. 

Figure 2 is a partially broken away isometric view of a folded 
sheet of a separator according to the present invention con- 
taining an electrode plate. 

Figure 3 is a view in the direction III-III of Figure 1. 

DETAILED DESCRIPTION OF THE INVENTION 

In the following, embodiments of the present invention will be 
described in detail with reference to the accompanying dra- 
wings. Figure 1 shows a separator 1 of the present invention. 
The separator comprises a porous sheet 2 provided with a plura- 
lity of studs 3 having the form of truncated cones and three 
continuous vertical ribs 4 in the center area 5 of the separ- 
ator sheet. The studs are also present at the lateral side 
areas 6 . 
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Figure 2 depicts an electrode plate 7 after it has been 
inserted in the microporous separator 1 but before sealing the 
side end portions 6. 

The sheet 2 is preferably made of a synthetic resin such as 
polyolefin, poly(vinyl. ,chloride) or other, suitable mater.iai 
which -is compatible with the . battery environment where it is to 
be used. The preferred separator material is polyolefin, such 
as polypropylene, ethylene-butene copolymer, and preferably 
polyethylene, more preferably high molecular weight 
polyethylene, i.e. polyethylene having a molecular weight of at 
least 300,000, even more preferably ultra high molecular weight 
polyethylene, i.e. polyethylene having a molecular weight of at 
least 1,000,000, in particular more than 4,000,000, and most 
preferably 5,000,000 to 8,000,000 (measured by viscosimetry and 
calculated by Margolie's equation), a standard load meld index 
of substantially 0 (measured as specified in ASTM D 1238 (Con- 
dition E) using a standard load of 2,160 g) and a reduced vis- 
cosity of not less than 1,000 ml/g, preferably not less than 
2,000 ml/g (determined in a solution of 0.02 g of polyolefin in 
100 g of decalin at 130 °C) . 

The finished separator preferably comprises a homogeneous mix- 
ture of 8 to 100 vol.% of polyolefin, 0 to 40 vol . % of a 
plasticizer and 0 to 92 vol.% of inert filler material. The 
preferred filler is dry, finely divided silica. The preferred 
plasticizer is petroleum oil. Since the plasticizer is the 
component which is easiest to remove from the polymer-f iller- 
plasticizer composition, it is useful in imparting porosity to 
the battery separator. The final composition of the separator 
will depend upon the original composition and the component or 
components extracted. Materials of this kind are well-known in 
the art and described for example in US 3,351,495 the disclos- 
ure of which is incorporated herein by reference. 
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The microporous separator sheet has a pore size which is gene- 
rally less than 1 [xm in diameter, and preferably more than 50% 
of the pores are 0.5 [xm or less in diameter. It is especially 
preferred that at least 90% of the pores have a diameter of 
less than 0.5 \im. 

The thickness of the separator sheet is preferably within the 
range of 0.1 to 0.6 mm, preferably within the range of 0.15 to 
0.25 ^im and most preferably about 0.2 mm. 

The microporous separator sheet is provided on one side of the 
sheet with a plurality of studs and at least one vertical rib 
in the center area of the sheet. However, the separator can 
additionally comprise ribs and/or studs on the other side of 
the sheet. Preferably the separator comprises a plurality of 
studs and at least one vertical rib on only one side of the 
sheet. According to a preferred embodiment the separator con- 
tains 2 to 4 vertical ribs, more preferably 2 or 3 vertical 
ribs . 

The ribs preferably have a height of about 0.3 to 1.3 mm, pre- 
ferably about 0-4 to 0-9 mm and most preferably of about 0.5 
mm, and a base width of about 0-5 to 1.5 mm, preferably about 
0.7 mm. They may have any suitable cross section with round and 
triangular cross sections being preferred and trapezoid cross 
section being most preferred. The height of the ribs may be the 
same as that of the studs, as illustrated in Figure 3, or may 
be lower . 

The at least one vertical ribs is an elongated rib, i.e. a rib 
having a length of at least 2 cm. According to a preferred 
embodiment, the vertical rib(s) have the form of continuous 
ribs extending across the whole separator sheet as shown in 
Figure 1 . 
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Separators for starter batteries typically have a width of 
about 150 mm, electrodes of about 145 to about 148 mm. Prior 
art separators usually have ribs spaced at a distance of from 
about 6 to 13 mm. Therefore, a typical separator comprises 
about 12 to 25 ribs which greatly contribute to the total vol- 
ume of the separator and thus to the electrical resistance and 
the acid displacement. Moreover, the rib material constitutes 
a considerable portion of the total separator material. The 
separators of the present invention contain one and preferably 
not more than 4 vertical ribs and since the contribution of the 
studs to the total volume of the separator is minimal a signi- 
ficant decrease of separator volume, electrical resistance, and 
acid displacement is achieved. By the separator profile of the 
present invention the total volume of ribs and studs can be 
reduced to about 10 % to 30 % of the rib volume of a ribbed 
separator according to the prior art. Thus, the amount of 
material needed for the production of the separator and the 
costs are reduced significantly. 

The term "studs" refers to elevated areas rising above the 
separator sheet 2 and having the form of solid bodies. They 
have the function of a spacer keeping the separator sheet 2 
away from the positive electrode plate 7 and thus prevent a 
direct contact of the sheet with the electrode. 

The studs may have any suitable shape, and preferably have the 
form of spherical caps, such as semi-spheres and/or truncated 
pyramides , with truncated cones being most preferred. They 
preferably have a height of about 0.3 to about 1.3 imn, more 
preferably about 0 . 4 to 0.9 mm, and most preferably about 0.5 
imn, and a base diameter of about 0.5 to about 1.5 mm, prefer- 
able about 0.7 imn. 

According to another embodiment the studs have the form of a 
plurality of non-continuous, broken ribs similar to those dis- 
closed for an instance in US 5,558,952. The elevated parts of 
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such non-continuous ribs preferably have a length of not more 
than 1 cm, more preferably of not more than 0.5 cm. The gaps 
between the elevated parts of the non-continuous ribs preferab- 
ly have a length of at least about double the length of the 
elevated parts . 

The number of studs is dependant upon the separator material. 
Typically the separator sheet is provided with about 0.2 to 2 
studs per cm^ of the sheet surface, preferably about 1 stud per 
cm^ . The maximum distance between two studs is preferably in 
the range of about 4 to 25 mm. The studs may be arranged 
aligned, as shown in Figure 1, or alternately or randomly dis- 
tributed. 

The studs and the at least one vertical rib are solid bodies 
which are preferably integrally formed of the same material as 
the separator sheet as will be explained later. 

The at least one elongated vertical rib is arranged in the 
center area 5 of the separator sheet, i.e. the part of the 
sheet being in contact with the electrode plates . The term 
"center" refers to the horizontally determined middle of the 
sheet. The studs must also be present in the center area 5 but 
are preferably also present at the side areas or shoulders 6 of 
the separator (land areas). 

The separators can also comprise a plurality of closely spaced 
ribs in the lateral side areas 6 of the separator sheet. In 
this instance, the lateral edges of the separator preferably 
comprise at least about 10 to 12 ribs per cm as disclosed for 
instance in EP 0 899 801 Al. Also,; the separators may comprise 
a plurality of short ,, intersectant , ve,rtically spaced ribs at 
the lateral side areas of the separator sheet as disclosed for 
instance in US 5,716,7 34, or a combination of both closely 
spaced vertical ribs and intersectant ribs as disclosed in US 
5,558,952. If present, such intersectant ribs preferably start 



at one of the studs and extend to the left or right edge of the 
separator sheet. It is also preferred that the height of such 
intersectant ribs decreases from the inside of the sheet to the 
outside. At the inner end the ribs may have for instance the 
same height as the studs, at the outer end the height can be 
close to zero. The short intersectant ribs may be arranged 
horizontally or slanted relative to the horizontal line. 
According to still another embodiment the thickness of the side 
areas of the sheet may be greater^ than the thickness of the 
center area of the sheet e.g.^by a factor^ d^;x2 as described in 
European patent specification EP 0 484 295 Bl.'^^ The above rein- 
forcements of the land areas^6 help to prevenjt puncture of the 
separator sheet by edges of the "electrode plates . Separators 
with reinforced side areas 6 preferably do not comprise studs 
at the side areas 6. 

To increase rigidity in transverse direction the separators of 
the present invention may also be provided with a plurality of 
continuous transverse ribs as disclosed in US 5,776,630. Trans- 
verse ribs preferably have a lower height than the at least one 
vertical rib. 

The separators of the present invention preferably have the 
form of a pocket with an open top, a closed bottom and closed 
sides. Such pockets are manufactured basically by molding syn- 
thetic resin, alone, or a mixture of synthetic resin with in- 
organic powder and a pore-forming agent, into a belt-like sheet 
by means of a molding machine, such as an extruder. The extru- 
ded separator material is passed between at least one pair of 
calender rolls, which form the studs and/or the rib patterns on 
the length of material. The pore-forming agent is then extrac- 
ted from the molded sheet by means of a solvent. The sheet is 
thereafter dried, so that a porous belt-like sheet is obtained. 
The porous sheet is cut into a number of pieces of a predeter- 
mined length and in a rectangular shape. The sheet separator is 
then folded at the middle, forming two mutually facing sides 
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with side end portions 6 formed on the left and right margins 
of the folded sheet separator. A negative or preferably posi- 
tive electrode plate 7 for lead acid storage battery is then 
inserted into the folded separator sheet as illustrated in 
Figure 2 and then the side edges of the separator are sealed 
together by heat sealing, such as ultrasonic, or mechanical 
sealing, such as pressure welding, or the like. The sealed por- 
tions are formed on opposite side edges of the resulting pocket 
type separator with the bottom edge formed by the above men- 
tioned folding and the left and right side edges closed, and 
with an open top side. The formation of pocket separators is 
well-known in the art. 

The above process results in solid ribs and studs formed inte- 
grally from the same material as the separator sheet as illus- 
trated in Figure 3. This is a preferred embodiment of the 
invention. However, it is also possible to form the separator 
sheet, the studs and/or the ribs in separate steps using the 
same or different materials. Suitable rib materials include 
polyethylene, polypropylene, and poly (vinyl chloride) . These 
materials may be unfilled or filled, e.g. with silica or air. 
The use of air as a filler results in so called "blown ribs". 
For instance, a separator provided with a plurality of 
integrally formed studs is formed in a first step and an elon- 
gated vertical rib is applied thereto later, e.g. by extrusion. 
It is evident that in this embodiment the elongated rib can 
also be applied to the electrode plate instead of the separator 
sheet. The electrode is then pocketed with the separator com- 
prising the plurality of ribs. 

If the at least one vertical rib does not have the form of a 
continuous rib it is important to arrange the rib not only in 
the center area of the sheet but also in the bottom edge area 
of the separator pocket (vertical middle of the unfolded 
sheet) . This can be achieved, for instance, by extruding an 
elongated rip onto the separator after cutting the separator or 
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by forming a continuous rib by extrusion, cutting this 
continuous rib into pieces having a length of not less than 2 
cm, and then folding these pieces to provide pieces having a U- 
form- The U-formed pieces are applied to the bottom edge of the 
electrode plate which is thereafter pocketed with a separator 
provided with a plurality of studs. 

Although not preferred, such two (or more) piece separators are 
clearly within the scope of the present invention. 

Finally, a plurality of positive electrodes, contained in their 
respective separators, together with a plurality of negative 
electrode plates, are assembled into a cell assembly of the 
lead acid storage battery. 

Separator production and manufacturing of pockets are usually 
performed at different locations. Therefore, it is preferred 
that the belt-like separator is cut into the width needed for 
pocket production and then rolled up. These rolls are sold and 
delivered to the battery manufacturer who cuts the rolled mate- 
rial into pieces for pocket production. 

The plurality of studs and the at least one vertical rib of the 
separators of the present invention are preferably arranged on 
the side of the separator sheet facing the positive electrode. 
Thus, in pockets for retaining a positive electrode plate the 
studs and vertical ribs are provided on the inner surfaces on 
the pocket. However, additional ribs and studs may be provided 
on the other surfaces as described above. 

The separators of the present invention can be prepared at 
considerably lower costs than ribbed separators according to 
the prior art due to a reduced raw material need and higher 
production speed. They do not show the disadvantages of separ- 
ators provided with broken ribs, i.e. no cushion effect is 
observed upon pocket production and a direct contact between 
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the separator sheet 2 and the electrode edges is reliably pre- 
vented. Furthermore, they safely keep the distance between the 
electrodes and avoid problems during battery assembly thus 
ensuring a high-cycle life. In addition, it has been found that 
the separators of the present invention give a higher cold 
crank power compared to known separators . 



